Abstract Objective. To assess the risk of ischemic cord injury, we have retrospectively studied the 115 patients who underwent a replacement of the thoracic descending or thoraco-abdominal aorta between January 1980 and December 1994. Methods. In 72 patients the aortic lesion was located above the diaphragm. The aortic replacement was performed with the aid of extracorporeal circulation in all but 2 patients (97.2%)_ Only two cases of postoperative paraplegia were observed (2.7%). In 43 patients (10 females and 33 males aged from 26 to 69 years), the occurrence of postoperative paraplegia was considered as a major risk, because of the extension of the aortic lesions (Crawford types I, II and III). Twenty-six patients (60.4%) suffered from chronic dissection and 17 patients had atheromatous aneurysms. Sixteen patients (37.2%) had Marfan syndrome. Twelve patients (27.9%) had already undergone aortic replacement. A preoperative study of the spinal cord vascularization was carried out in 36 patients (83.6%) and the Adamkiewicz artery was visualized in 28 patients (77.8%). In 17 patients (39.5%, group I), the surgical procedure was performed wihout the aid of extracorporeal circulation. In the remaining 26 patients (60.5%, group II), the surgical procedure was carried out with the aid of cardiqpulmonary bypass and profound hypothermic circulatory arrest. Sequential unclamping of the aorta was used in all patients_ The cord vascularization was surgically restored in 32 patients (74.4%). When the Adamkiewicz artery was identified, the critical intercostal artery was reimplanted together with the two pairs of adjacent intercostal arteries (25 patients). When the origin of the Adamkiewicz artery remained unknown, the two or three most important patent pairs of intercostal arteries were reimplanted (7 patients). In 8 patients (18.6%) there were no patent intercostal arteries.
Methods. In 72 patients the aortic lesion was located above the diaphragm. The aortic replacement was performed with the aid of extracorporeal circulation in all but 2 patients (97.2%)_ Only two cases of postoperative paraplegia were observed (2.7%). In 43 patients (10 females and 33 males aged from 26 to 69 years), the occurrence of postoperative paraplegia was considered as a major risk, because of the extension of the aortic lesions (Crawford types I, II and III). Twenty-six patients (60.4%) suffered from chronic dissection and 17 patients had atheromatous aneurysms. Sixteen patients (37.2%) had Marfan syndrome. Twelve patients (27.9%) had already undergone aortic replacement. A preoperative study of the spinal cord vascularization was carried out in 36 patients (83.6%) and the Adamkiewicz artery was visualized in 28 patients (77.8%). In 17 patients (39.5%, group I), the surgical procedure was performed wihout the aid of extracorporeal circulation. In the remaining 26 patients (60.5%, group II), the surgical procedure was carried out with the aid of cardiqpulmonary bypass and profound hypothermic circulatory arrest. Sequential unclamping of the aorta was used in all patients_ The cord vascularization was surgically restored in 32 patients (74.4%). When the Adamkiewicz artery was identified, the critical intercostal artery was reimplanted together with the two pairs of adjacent intercostal arteries (25 patients). When the origin of the Adamkiewicz artery remained unknown, the two or three most important patent pairs of intercostal arteries were reimplanted (7 patients). In 8 patients (18.6%) there were no patent intercostal arteries.
Results. Hospital mortality accounted for 37.2% (16 patients, including 5 patients with paraplegia)_ On univariate analysis, extension of the aortic lesions, emergency and redo surgery were the only significant risk factors of mortality (P=0.05). Cord ischemia was observed in 9 patients (21%): permanent paraplegia in 7 patients (16.2%) and transient medullar disturbance in 2 patients (4.6%)_ The occurrence of paraplegia was reduced, though not significantly, in group II (16%) vs group I (29%) and in patients with preoperative assessment of the cord vascularization (18% vs 38%)_ Conclusions. In our experience:
1) The risk of paraplegia is related to the extension and the type of the aortic lesions.
2) The preoperative study of the medullar vascularization and the use of extracorporeal circulation with deep hypothermia and sequential aortic unclamping, reduce the risk of severe cord ischemia, and 3) Occurrence of postoperative paraplegia depends on several factors and cannot be totally prevented by
Introduction
The first surgical attempts to treat patients with aneurysms of the thoraco-abdominal aorta were carried out in 1955 by Etheredge [18] and in 1956 by De Bakey [15] . In 1966, E. S. Crawford published the inclusion technique which, in his hands, resulted in dramatically improved results over the ensuing years. Nevertheless, 30 years later, the postoperative mortality and morbidity remain of concern and an enormous number of experimental and clinical works and publications testify to the difficulty of reducing the rate of death and of postoperative complications, and particularly the most dreaded one: paraplegia.
The purpose of this article is to study the risk factors of ischemic cord injury and the possible influence of different surgical techniques on the prevalence of this complication in patients that we consider as particularly at risk.
systematically or because the aortic lesion had increased in size between two consecutive examinations. Twelve patients (27.9%) had already undergone a replacement of another segment of the aorta: the ascending aorta in the three cases, a Benmll procedure in three cases and a Bentall procedure associated with a replacement of the transverse arch in six cases.
Preoperative assessment of the spinal cord blood supply A thoraco-abdominal computed tomography (CT) scan and a panaortogram were performed in all patients. Since 1980 our policy has been to perform a selective arteriogram intended to visualize and subsequently to reimplant the intercostal or lumbar arteries critical to the spinal cord vascularization [16, 17, 25, 50, 57] . This procedure could not be carried out in seven patients because of emergency or previous recent history of distal embolism.
The preoperative assessment of the spinal blood supply was attempted in 36 patients (83.7%) and resulted in the identification of the intercostal or lumbar artery providing the Adamkiewicz artery in 28 of them (77.7%) In 16 patients (57%) the Adamkiewicz artery arose from a left intercostal artery and in 20 cases (71%) from TS, T9 or T10.
Patients and methods
Our experience with thoraco-abdominal aneurysm extends over two and a half decades. During this period of time, the average number of patients operated on every year increased progressively until the beginning of the 1980s and then stabilized. Obviously, during the same period of time the techniques of anesthesia, surgery and preoperative and postoperative medical care have changed profoundly. Comparisons between patients or groups of patients operated on at very different intervals of time, using profoundly different techniques are difficult and even unrealistic. For those reasons, we have limited this study to the patients operated upon between January 1980 and December 1994. During this period of time, 115 patients underwent a surgical procedure on the descending thoracic aorta or the thoraco-abdominal aorta. The clinical charts of those patients were retrospectively analyzed with special interest in the preoperative status, the extent of the aortic repair, the method of assessing the spinal cord vascularization, the techniques used at surgery to protect the cord and the outcome of the patients.
In 72 patients, the aortic lesion was totally located above the diaphragm. In this group, the aortic replacement was performed using a method of distal perfusion in all patients but two (97.2%). Extracorporeal circulation between either the pulmonary artery or the femoral vein and the femoral artery was used in 68 patients (94.5%). Only two postoperative paraplegiae were observed, in patients with extended aneurysm of the descending aorta and in whom extracorporeal circulation was used. We have therefore considered, like others, that the risk of spinal cord ischemia is low m the presence of lesions limited to the thoracic aorta, and those patients have been excluded from the present study.
Conversely, in 43 patients (10 females and 33 males) aged from 26 to 69 years (mean 48 _+ 11 ) the occurrence of postoperative paraplegia or paraparesis was considered as a major risk. According to the Crawford classification of thoraco-abdominal aneurysms [10]: 11 patients had a type I lesion, 27 patients a type II lesion, and 5 patients a type III lesion. Twenty-six patients (60.4%) suffered from a chronic dissection. Among those, 16 patients (61.5 % of this subgroup and 37.2% of the whole cohort of patients) had Marfan's syndrome. Seventeen patients had atheromatous aneurysms. Three moribund patients (6.9%) (two with Marfan's syndrome) were operated on urgently for intrathoracic (1 patient)) or abdominal rupture (2 patients) of the aneurysm. Six patients (13.9%) were operated on an emergency basis for a highly symptomatic lesion or an impending rupture. The remaining 37 patients (73%) were operated on electively, either
Statistical analysis
Results were expressed as the mean+standard deviation. The chisquared test was used to carry out a univariable analysis concerning the risk factors of mortality, neurologic complications and acute renal failure. A probability value of less than 0.05 was considered as statistically significant.
Surgical technique
The patients were placed in the right decubitus position with the pelvis rotated backwards in order to give easy access to the left groin. The techniques of anesthesia have evolved with time and cannot be extensively described. For the last few years anesthesia has been induced by fentanyl supplemented with midazolam. Myorelaxation is obtained with the use of pancuronium. Anesthesia is maintained with fentanyl and, if necessary, isoflurane. All patients were intubated with a double-lumen endotracheal tube allowing selective deflation of the left lung, facilitating the surgical exposure and possibly preventing blood oozing from the left lung and bronchus to flow into the right bronchus. Arterial pressure was permanently monitored through a right radial catheter. Central venous pressure, pulmonary pressure and capillary wedge pressure were monitored by means of a Swan-Ganz catheter. Esophageal and rectal temperatures were permanently recorded and so was a six-channel electroencephalogram.
The thoraco-abdominal aorta was generally approached through a double left posterior thoracotomy. With the same cutaneous incision, the thorax was entered in the 4th intercostal space and in the 7th or 8th intercostal space. The incision was extended obliquely through the costal margin to the midline of the abdomen down to the umbilicus (type I aneurysms) or the pubis (type I1 and III aneurysms). The surgical techniques differed in patients in whom no distal perfusion was used and in those in whom cardiopulmonary bypass was inserted (Table 1) .
In seventeen patients (39.7% group I), the thoraco-abdominaI aorta was replaced without the aid of cardiopulmonary bypass. In four patients we used a retrograde technique of revascularization and spinal cord protection inspired by the technique described by Hou-YouLin in 1964 [28] . The distal abdominal aorta was dissected free and cross-clamped. The Dacron graft was first implanted laterally. The graft was then cross-clamped and the distal aorta unclamped. Then the aorta was cross-clamped below and above the visceral arteries, which were reimplanted into the graft. The same process was applied to the area supplying the intercostal arteries critical to the spinal cord bIood supply. Finally, the proximal aorta was cross-clamped and transected at the appropriate level and the proximal anastomosis was completed At this time, the aneurysm was totally excluded. With this particular method, the duration of ischemia of the spinal cord was reduced to the time of reimplantation of the intercostal arteries and completion of the proximal aortic anastomosis. Twelve patients (27.9%) were operated on according to the socalled '°inclusion" technique described by Crawford in 1966 (10, 11, 56) . The aorta and the graft were sequentially cross-clamped and unclamped for each anastomosis or group of anastomoses, in order to revascularize the aortic branches as soon as they had been implanted into the graft. In one patient, this technique was associated with the use of a non-heparinized shunt inserted between the apex of the left ventricle and the iliac artery. In one patient the cerebrospinal fluid (CSF) pressure was monitored throughout the procedure and CSF was withdrawn when this pressure became higher than the distal arterial pressure. This patient did not develop paraplegia. The retrograde technique and the technique of inclusion were carried out during the early 1980s.
In twenty-six patients (group II, 60.4%), the surgical procedures were performed with the aid of extracorporeal circulation and deep hypothermic circulatory arrest. This surgical technique was first used and described by one of us (D.G.) in I981 [25] in two cases of extended aneurysm of the descending aorta. It is extremely similar to the technique described in detail by Kouchoukos in 1990 and recently [33, 34 ]. It will not, then, be described extensively. However, a few differences are noteworthy: 1) In all patients but one, the cardiopulmonary bypass was implanted between the pulmonary artery and the left femoral artery. This technique has indeed many advantages [21] and has been our technique of choice for all thoracic or thoraco-abdominal procedures since 1980. 2) No drugs, such as methylprenisolone or tiopenthal, were given as an adjunct during cooling or circulatory arrest. 3) In patients in whom the aorta could be cross-clamped at the level of the left subclavian artery, the aortic arch (if normal) was cannulated, connected to a second arterial line and perfused. The proximal anastomosis was then performed while maintaining a hypothermic low flow in the arch and the cephalic vessels. When the anastomosis was completed, the graft was cross-clamped, the aorta unclamped and the flow was increased to obtain a pressure of about 60 mmHg in the radial artery. This technique was used in 17 patients (65.3%). When the aortic arch could not be reasonably cannulated or when the proximal descending aorta could not be cross-clamped, the proximal anastomosis was performed in the open manner under total circulatory arrest, the patient being placed in the head-down position. This was carried out in nine patients (34.6%).
When circulatory arrest is used, great care must be taken to deair the arch and the cephalic vessels. This may be difficult as the heart is fibrillating and the whole circulation is discontinued. Even distal reperfusion is sometimes unable to provide a sufficient flow to obtain a safe de-airing. So the graft must be filled with saline or blood. After de-aring, the graft was cannulated directly and the flow restored in the arch and the cephalic vessels. The rest of the procedure was then completed step by step, using sequential unclamping of the graft to reperfuse the aortic tributaries with hypothermic flow as soon as possible.
Preservation of the spinal cord blood supply
In the 28 patients in whom the Adamkiewicz artery had been clearly identified preoperatively, a posterior aortic cuff containing the critical intercostal or lumbar artery and the one or two pairs of adjacent arteries was implanted into the posterior part of the Dacron prosthesis. This precaution was taken as it may indeed be difficult to identify exactly the correct intercostal ostium during operation. In three of those 28 patients the reimplantation was extremely difficult technically because of a highly calcified aortic wall, and proved impossible or inefficacious. One of those patients developed postoperative paraplegia. In the seven patients in whom the Adamkiewicz artery could not be identified despite the presence of patent intercostal or lumbar arteries, the main patent intercostal arteries originating between T8 and T12 were reimplanted (4 cases) or the whole posterior wail of the aneurysm between T8 and TI 2 was implanted into the prosthesis (3 cases). In one patient, no critical intercostal artery was patent but the Adamkiewicz artery was visualized through an important collateral network arising from the mammary arteries. The left subclavian artery was carefully preserved. Lastly, in the eight patients (18.6%) in whom the Adamkiewicz artery could not be identified because there were no patent intercostal or lumbar arteries, either on the arteriogram or at surgery, it was assumed that the spinal cord vascularization was achieved through collateral circulation. In total, the cord vascularization was supposedly or actually restored in 32 patients (74.4%) and could not be restored surgically in (25.6%), for either anatomical or technical reasons.
Results
The overall hospital mortality amounted to 37.2% (16 patients out of 43). Two moribund patients (4.6%) with rupture of the thoracic or abdominal aorta died during operation due to hemorrhage. Fourteen patients (32.5%) died during the immediate postoperative course (Table 2) . It is important to note that 5 out of those 14 patients (35.7%) were paraplegic and rapidly developed multiorgan failure associated with massive and untractable vasoplegia and cadiac failure_ Three patients (18.7%) developed profound coma associated with multifocal defects at cerebral CT Scan, probably due to air or debris emboli originating from the aortic arch perfusion. Table 3 indicates the risk factors of death. Because of the small number of patients in each group or subgroup only the extent of the aortic lesion could be considered as a statistically significant factor of mortality (P < 0.05)_ The presence of paraplegia and acute renal failure are undoubtedly factors of gravity but in our experience they remain on the edge of statistical significance for hospital mortality (P = 0.1). Table 4 indicates the prevalence of all postoperative complications_ 
Postoperative complications

Neurologie complications
As stated above, three patients experienced cerebral embolism and died. They, therefore, could not be evaluated for cord ischemic injury. Nine out of the remaining 38 patients (23.7%) had evidence of spinal cord ischemic injury. Seven of these (18.4%) developed paraplegia, which was observed 48 h after the surgical procedure in one. Five out of the seven patients (71.5%) with paraplegia died within 2 weeks postoperatively. The two remaining patients were discharged from hospital, but remain extremely disabled. Two patients developed paraparesis (5.2%)_ They were discharged from hospital. One has totally recovered and one is autonomous but still has some difficulties in walking. The risk factors for spinal cord ischemic injury are indicated on Table 5 . Again, because of the small number of patients and complications in each subgroup, only the extent of the aortic lesion appears to be of statistical significance, although there is a clear trend to reduction in the risk of paraplegia in patients in whom the Adamkiewicz artery was identified preoperatively and in patients operated upon with the aid of hypothermic cardiopulmonary bypass.
Acute renal failure
Eight patients (19%) developed acute renal failure. Four of them had to undergo hemodialysis. Three died within 30 days after surgery. Table 6 summarized the prevalence of acute renal failure in each subgroup of patients. No particular risk factor could be identified, but it is noteworthy that two patients who required hemodialysis were paraplegic. One had been operated on without cardiopulmonary bypass. In total, only 11 patients (26%) had an uneventful postoperative course and could be discharged rapidly in good clinical condition.
Discussion
It is almost superfluous to state again that, except death, paraplegia is the complication most feared by patients undergoing surgery of the thoracic and thoraco-abdominal aorta and, consequently, by their surgeons. Nevertheless, this complication is not evenly distributed among the various types and extents of the aortic lesions, but certainly depends on the techniques used at surgery [32, 52]_ Many experimental and clinical works have demonstrated a clear relation between the extent of the resected aortic portion and/or the duration of the cross-clamping time required to perform this resection, and the prevalence of spinal cord ischemic injury [8, 10, 11, 46, 47] . For aneurysm confined to the thoracic aorta, the incidence is between 0% (coarctation) and 6% (32, 56). For instance, during the last 15 years, in our own experience the rate of occurrence of paraplegia was 0% after acute traumatic rupture (28 cases) and 4.5% (2 cases out of 44 patients) after resection of the total descending aorta. This may be explained by the fact that those types of aneurysm or rupture were almost systematically operated upon with the aid of cardiopulmonary bypass, and that the cross-clamping time rarely exceeded 40 min_ For these reasons, it seemed logical to us not to include those patients in a study concerning the risk and prevention of spinal cord ischemia.
Conversely, the 43 patients which constitute the population of the present study were particularly at risk. All but five of them suffered from extended thoraco-abdominal aneurysms starting at the level of the left subclavian artery or in the distal aortic arch and ending at the level of the visceral arteries (11 cases) or at the aortic bifurcation (27 cases). It has been clearly established that the prevalence of paraplegia or paraparesis is between 15 % and 31% in this group of patients [8, 10, 11, 29, 30, 32, 56] . Moreover, 16 patients (60.4%) in the present series had chronic dissection. This is a much higher proportion than that generally reported in the literature [8, 9-11, 41, 56] . It has been demonstrated that, in this particular subgroup of patients, the rate of postoperative paraplegia may reach almost 50% [11, 29, 32, 56] . Last, but not least, 12 patients (28%) had already undergone one or several replacements of another aortic portion and had increased surgical risk factors, such as pericardial, pleural and lung adhesions, inaccessible aortic arch etc.
As numerous factors, either physiologic or anatomical, have been implicated as causative or contributing to the development of spinal cord ischemic injury, throughout this experience we have attempted to identify them and to prevent or to correct their deleterious consequences. The maintenance of stable hemodynamics during and after surgery is of major importance [11, 20, 46, 47] . Obtaining such a stability is more difficult when simple cross-clamping of the aorta is used. The arterial pressure above the clamp may rise to excessive levels while the lower part of the body is totally unperfused. Experimental and clinical works have, indeed, demonstrated that such a situation always results in spinal cord ischemia [13, 36] . Depending on the duration of such ischemia, spinal cord injury may develop. The technique of simple cross-clamping, when employed, must therefore be associated with perfect anesthetic management and requires the shortest time of aortic cross-clamping. This, obviously, calls the surgeon's skill into play. Although many authors reporting large series in the literature have operated using this expeditious technique, one may wonder if it is commendable in any hands [8, 10, 11, 27, 47, 51, 56] . Besides, even in those impressive experiences the rate of postoperative paraplegia remained of concern (about 10-40%), depending on the extent and type of the aortic disease [8, 11, 32, 56] .
The rationale for using some means of distal perfusion is therefore based on strong arguments. It has indeed been demonstrated experimentally that maintenance of distal aortic flow protects the spinal cord [36, 52] . However, techniques like the use of an inert shunt do not allow control of the distal flow and pressure, and adequate distal perfusion may not be achieved. It has also been demonstrated in non-human primates that the distal aortic pressure correlates well with lumbar spinal cord blood flow, but not with lower thoracic cord blood flow [55] . The use of total cardiopulmonary bypass is more logical, then, and it has been our technique of choice since 1986. Besides allowing all shed blood to return into the patient, it permits a safe and easy control of the arterial pressure above and below the aortic cross-clamping. Furthermore, it is the only technique which provides a guarantee of proper oxygenation of the patient, in case of right lung troubles or unexpected heart fibrillation. Incidentally, the cannulation of the pulmonary artery allows immediate total bypass without flow limitation whenever required, and we have used it systematically since 1980 [21] . Conversely the use of cardiopulmonary bypass entails some disadvantages. As full heparimzation is required, excessive bleeding may be observed, which may be the cause of a higher incidence of postoperaUve pulmonary or infectious complications. Cardiopulmonary bypass "per se" does not provide total protection against spinal cord ischemic injury.
Many different techniques have been proposed which, either associated with extracorporeal circulation or not, are supposed to better protect the spinal cord [31, 35, 44, 48, 53] . Experimentally CSF pressure monitoring associated with drainage on demand during or after aortic crossclamping seems undoubtelly efficacious [3, 5, 22, 24, 54] . But the clinical results are less conclusive [1, 12, 26, 45] . We cannot draw any conclusion from our extremely limited (1 case) experience, although the patient in whom the procedure was carried out with simple aortic cross-clamping, did not develop postoperative paraplegia. Local cooling of the cross-clamped aortic portion (or "spinoplegia") has also been proposed [7, 54] , but it seems that the clinical results have been somehow disappointing.
We are convinced, like many others [19, 29, 32, 50, 55, 58] , that identifiying the intercostal or lumbar arteries critical to the spinal cord blood supply is of major importance. Many methods have been proposed to achieve this goal with the smallest possible rate of errors. The introduction of somatosensory evoked potential (SEP) [6, 14, [37] [38] [39] or motor evoked potential (MEP) [40] monitoring during procedures on the thoraco-abdominal aorta certainly represents a significant advance. However, it requires that the surgical procedure be performed with distal perfusion. It demands sophisticated equipment and calls upon the skill of a specialist. It may, then, not be readily available in an emergency. Last, but not least, it is obviously time-consuming. During surgery the technique of identifying the critical intercostal or lumbar arteries and of detecting spinal cord ischemia through the impairment of the SEP response is not standardized and varies from staged aortic cross-clamping and intercostal artery occlusion to perfusion of sequential portions of the aorta with hydrogen solution.
For all these reasons, we consider that preoperative assessment of the spinal cord blood supply through selective angiogram is the method of choice [16, 17, 19, 25, 29] . We have used it, since 1980, in any procedure involving the whole descending aorta or the thoraco-abdominal aorta. It is safe, as no neurologic accident has been observed, and is effective, as it could be carried out in 84% of the patients and was successful in 78% of those. Furthermore, as demonstrated by Kieffer [29] , it may be predictive of the risk of paraplegia, depending on the location of the critical artery and whether the cord revascularization can be achieved or not. Similarly, in the present study, the rate of paraplegia was reduced in patients with preoperative assessment of the cord blood supply from 37.3% (3/8) to 17.8% (5/28) and in patients in whom the cord vascularization was restored (18.7% -6/32) in comparison with patients in whom it was not (27.3% -3/11). However, reimplantation of the critical arteries does not totally protect the patient from spinal cord ischemic injury. In the present experience there was no statistical difference in the rate of postoperative paraplegia in the 32 patients in whom the critical artery had been supposedly or actually reimplanted and in the 11 patients in whom it was not (regardless of the use of cardiopulmonary bypass).
The idea of using hypothermia during aortic surgery was first developed clinically by Borst in 1964 [4] . In the mid 1970s Griepp et al [23] and Crawford et al. [9] reported excellent results with this technique in the management of transverse aortic arch aneurysms_ In 1981, one of us (D. G.) published two cases of extended thoracic and thoraco-abdominal aneurysms treated with the aid of deep hypothermic circulatory arrest [25] . The rationale for introducing this method was based on the analogy with cerebral protection during arch surgery. It was also justified by several experimental studies demonstrating that hypothermia had an efficacious protective effect on spinal cord function during or after ischemia [2, 49] . Since 1981, important articles have emphasized the benefit of this approach [30, 33, 34, 42] . As an example, the first six publications reporting the use of deep hypothermic cardiopulmonary bypass included a total of 43 patients at high risk of paraplegia. The actual incidence of paraplegia was 4.6% (2/43) [25, 32, 42, 43] . In the most recent paper [34] Kouchoukos reported a series of consecutive patients with a mortality rate of 9.8% and an incidence of spinal cord injury of 6.5%. Similarly, in our experience, the rate of postoperative paraplegia has been reduced from 29.4% (5/17) in patients without hypothermic cardiopulmonary bypass, to 15.4% (3/26) in patients who had hypothermic cardiopulmonary bypass. If we consider the 24 patients in whom deep hypothermic circulatory arrest was associated with complete restoration of the spinal cord blood supply, the incidence of paraplegia was 8.3% (2/24). Although these differences do not reach statistical significance, because of the small number of patients, the trend to reduction is obvious.
Nevertheless the use of deep hypothermia has not resolved totally the difficult problem of spinal cord injury. It is even possible that it is causative of a certain rate of complications and that a higher morbidity or mortality could be treated for a lower rate of spinal cord ischemia. This is particularly true in the present experience, if we consider the three patients who experienced deep coma, probably related to air or debris embolism. It may also be the case, if we compare the rates of cardiac failure, pulmonary complications, renal failure or bleeding.
Comparisons between different techniques of aortic replacement and spinal cord protection are certainly open to criticism. The present series extends over a 15-year period of time and was not prospective. Surgical or perfusion techniques have varied with time and were applied depending on the last results obtained or on the most recently published literature. Nevertheless, it confirms that spinal cord injury does not depend on a single factor and may be caused by anatomical, hemodynamic and surgical factors_ It is therefore unlikely that it can be prevented by any single method, surgical technique or pharmacologic agent.
In our experience, on the one hand, clear identification of the spinal cord blood supply has been beneficial in surgically preserving or restoring the cord vascularization as often as possible. This was best achieved through preoperative selective angiogram. On the other hand, protection from the dreaded consequences of spinal cord ischemia during the time of aortic repair and reimplantation of the critical arteries was best obtained by the use of deep hypothermic cardiopulmonary bypass associated with circulatory arrest whenever necessary. Dr. Bachet: I know that, especially in the United States, the procedure of assessing the spinal cord vascularization preoperatively is not very popular. I've always wondered why, as it is not very difficult to do. We have never experienced any accident of paraparesis or paraplegia during this procedure. The problem of reimplanting all the intercostal arteries -that is, the ones which are critical and the ones which are not -is that, in my opinon, it is very time-consuming. And sometimes also, at least in our experience, there are patients in whom the whole posterior wall of the aorta is of a very poor quality, can be calcified and is difficult to attach to the prosthesis. So I wonder if it is as easy as it is said in the literature. On the other hand, when you know exactly where the artery providing the Adamkiewicz artery is, you know that you have only a small cuff of about, let's say, 3-4 cm in diameter to oversew into the prosthesis, and this is, I think, really easier_ Dr. C. Muneretto (Padua, Italy): I congratulate Dr. Bachet on an excellent experience in thoraco-abdominal aneurysms and for the interesting data presented. The prevention of spinal cord injuries still remains a crucial issue in this type of surgery. My question focuses on the value of the Adamkiewicz artery reimplantation in order to reduce the incidence of paraplegia. Being well aware of the importance of the Adamkiewicz for the arterial supply of the spinal cord, if I understood correctly you data showed a comparable incidence of paraplegia in patients with or without reimplantation of the Adamkiewicz. Could you explain why artery reimplantation failed to reduce the incidence of paraplegia in your series? I think that patency of the reimplanted Adamkiewicz is crucial in order to explain your results. Do you have any data about the patency rate of this artery following reimplantation and, if so, did you find any correlation between patency of this artery and incidence of paraplegia? Dr. Bachet: We did not do that systemically but we did it on some patients, and the reimplantation was patent in patients who had reimplantations of the critical arteries and who were not paraplegic. On the other hand, one patient with a patent intercostal artery providing the Adamkiewicz artery had such a poor aortic wall that the ostium could not be reimplanted. This patient developed paraplegia. So, I won't say that it is the main factor of paraplegia, but it is certainly an important factor; and this makes good sense as, if a structure is vascularized by a single vessel, you have better reimplant that vessel if you want the organ to be revascularized.
References
There is a very important study, by Kieffer and coworkers, published in the Annals of Vascular Surgery a few years ago, which demonstrated that in patients in whom the Adamkiewicz artery could not be determined and, so, was not reimplanted, the rate of paraplegia was as high as 50%. So I think that, obviously, the problem of the Adamkiewicz artery cannot be ignored.
Dr. M. Heinemann (Tuebingen, Germany):
We basically go along with all the ideas that you've just presented so beautifully and just have a practical question. If you don't know where the Adamkiewicz artery is, as is the case in about 30-40%, do you modify your bypass technique? The logical conclusion would be to cool the patient down for circulatory arrest in deep hypothermia to get as much spinal cord protection as you can. 
